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Abatroct 

During "Operation Hlg Lift,” In October l‘-)63, 

troopr and 'jCX' tons of cargo vere tnineported 
in '>■’,5 mlcslone In the l/irgeet long-ninge O.S. air¬ 
borne pea ’e-tine exercise attempted to date. Turbo- 
Jet and piEton-englne aircraft traveled the 5,600- 
mlle route between a series of i’exac airfields arvd 
ten iVertem Europe airfields In Geniany, France, 
.pain, S-cotland, and liigl/uid. Ibe entire opentlon 
was aci-orapllrhed, with enormous .succecr. In 63 
hours. 

A; a wartime rtrategl ' operation, however, such a 
method for movement of troops to potential battle¬ 
grounds overseas would bo cause for profound dis¬ 
may. rhe reliance on pex-fectly conditioned 10,0(.i0- 
foot liinding runways, operational landing aids, 
stand-by support equlpcient, and Ideal weather con¬ 
ditions provide a basis for due apprehension. As 
long ar military tnuisport systems niuat depend upon 
prepired landing surfaces, easily detected and de¬ 
stroyed by enemy gunfire or mlnslles, the entire 
concept of ruch troop movement is rendered coni- 
Pl etely Irapracti'll under hostile conditions. 

'Ibis piper deEcrlbes a concept for a rocket-poweret' 
troop tninsiiort which may potentially evolve from 
the reusable booster of tomorrow. Ibe VTOL rocke-* 
concept, however. Is based on the prejalsc tbit the 
Initial reusable booster, sized for a pnylo;id of 
approximately tl00,c>00 pounds-to-orblt, is ilro de¬ 
signed for land recovery. Ibe global tmr'.r.pora, 
derivative vehicle would then be correctly rlzed 
for ballistic delivery of a full U.;',, fl'rlne Gorpr 
battalion (1,200 troops) or Ij? tons of military 
equlpnent at average speeds of 17,OCX mph to any 
point on earth within Us minutes . On a typical 
mission for quelling a hypothetical brarsh-fire, the 
manned rocket carrier, equipped with a troop cem- 
pnrtment as a piyload, would travel frem the 
Atlantic Missile Range to the middle of Africa (a 
dlsLance of 5,600 miles) in 33 minutes, wlthcxit 
depending on a previously prepired Landing strip 
for successful mission accomplishment. By throttl¬ 
ing of the engines, the troops (reclining on coucdiee 
installed on six decks) wcxxld not be subjected to 
any more tbin 3 (5 'b during the 6 minutes of vertical 
ascent to the 12? aiutlcal mile apogee. Fins would 
be adapted to the booster version In order to re¬ 
strict the decelerations, during 12 minutes of 
controlled atmospheric entry, to a raaximun of 3 g's. 
During entry, the b'U_llEtlc transport would glide 
it a 52 degree angle of atUick, until the horizontal 
velocity Is nullified. lYlor to a soft landing, the 
propilslon ryctera woulil cancel any vertical velocity 
component ind allow the vehicle to hover and trans- 
Lite horizontally for pin-pointing the landing site. 
Vertical touch-dcun would then be accomplished on 
four exten.clble legr In a manner slmlLir to the 
Apollo method of Landing on the moon. 


Introduction 

Perhaps the era of the brute-force approach to 
rpice flight, which began with .'putnik, on October 
5, 1957, ni'iy find itself superseded within 3 or U 
years by the igc of the reusable booster. If such 
i reusable carrier, which could be operational by 
1975, were soon subjected to a national funding 
coonltmer.t. It Is not premature to speculate on 
the most Xtnictlv* design characteristics which 
should be incorporated Into this rost-fatum ve- 
hl'le. Booster reusability ic gradually finding 
acceptan'e by even the most reluctant of technical 
skeptl' ;;. However, reuse alone, of this hypotheti¬ 
cal trill! port. Is not a sufficient goal. The 
pinimount design objective should be directed 
toward mixlmum mission flexibility. This premise, 
which implies that land recovery be mandatory, 
would suggest the corollary of elngle-stage-to- 
orblt ciipablllty, In order to minimize the problems 
of recovering the entire booster from orbit near 
the launch site. Clearly, incorporation of all 
these recaanended features would necessitate a 
ridlcal departure from conventional booster design 
ind would result In significantly increased en- 
/.’ineerlng complexity and a high degree of technl- 
il sophistication. It does not appear, however, 
hat any proverbial "technological break-throughs" 
would be required before such a "flying machine" 
could materialize. A straightforward permutation 
of such a reusable booster would possess Inherent 
potential applications for global transport sys¬ 
tems which arc staggering to contemplate. 

A transport, which can operate in the manner de- 
ccrlbed by this paper, rocketing limense battle 
units to distant war zones at speedsof 17,000 mpti, 
could evolve into the most revolutionary advance 
In mlii:ary transportation since the airplane. 

Its Impact on military stntegy could modernize 
tnidltloniil Marine Corps techniques by replacing 
conventional sea power and amphibious operations. 
Loglrtlcs problems of the H.J. Armed Forces would 
be facilitated by the delivery of supplies and 
equlpnent to anywhere In the world In a fraction 
of the time required by even the superscxilc trans¬ 
port, assuming that a prepared landing strip were 
avillable for Its mlllLiry operations. Tlie ve¬ 
hicle concept defined In this paper has been 
termed ITHACus. 

Conceptual Vehicle Definition 

Before this paper attempts to dcEcrlbe the ITHACUb 
military transport, perhaps a brief explan/itlon of 
Its hypothetical predecessor, the RCMBUS reusable 
booster concept. In necessitated. Tbe latter 
vehicle Is extensively defined In the first three 
references of the bibliography. It should be em¬ 
phasized that this piper does not present the 
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ITHACUS troop transport as an Independent vehicle 
recaoBendntlon but ns an extrapolation to a poten¬ 
tial application for a land-recovered orbit booster. 

“nje nClIBUS conceptual vehicle (see Figure l) uses a 
plug-nozzle engine of oltltude-coopensatlng design. 
This type of englxie Is a necessity since a conven¬ 
tional bell nozzle would not survive the aerodyryualc 
heating during a stable base-first recovery. Re¬ 
covering the vehicle In this attitude will allow use 
of the saine engines (employed during boost) to 
provide retro-thrust for terminal velocity cancella¬ 
tion; allcwlng the vehicle to gradually descend to 
a soft landing on earth. Because the engine's plug 
nozzle Is regeneratlvely cooled during ascent, the 
sooe cooling system would maintain the temperature 
of the entry body within tolerable limits during 
peak aerodynamic beating prior to landing. The 
earth touch-down maneuver, on four extensible legs, 
will utilize the technology which will be developed 
for the Apollo manned lunar landing. 

The hlgh-drag atmospheric entry bo<h^ resmbles a 
truncated cone with the Isentroplc plug nozzle of 
the engine foiming Its blunt re-entry nose. A conic 
section contains an Internal spherical 1X>2 tank, 
with a cylindrical four-man crew caapartnent 
installed near the upper edge of the truncated cone. 
Eight detachable (parachute-recovered) Ui2 tanks are 
strapped around the tapered centerbody during boost. 
These cylindrical LH 2 tanks provide aerodynamic 
"shadowing" for the two fins during vertical (bal¬ 
listic) ascent through txirbulent atmosphere. The 
two fins (with lateral control surfaces) are at¬ 
tached to the exterior of the centerbody providing 
lifting maneuvei-ablllty for pin-pointing the landing 
destination and for reducing the re-entry decelera¬ 
tions after the expendable LH 2 tanks have been de¬ 
pleted and Jettisoned. 


highly-trained and conditioned astronauts, but 
would prove to be excessive for fighting men, even 
In the best physical condition. Therefore, a 3-g 
llnlt during boost and entry was adopted as a 
phyclologleal criterion. 

In addition to the physical differences of the two 
vehicles, the material (titanium), used for con¬ 
struction of the RCMBUr. reusable booster, would not 
withstand the increased temperatures, of the ITHACUS 
re-entry mode, when the underside of the vehicle is 
subjected to a higher heat flux; therefore. It ap¬ 
pears that a type of stainless steel would replace 
the structural oateriol of the reusable booster, 
at least on the underside of the vehicle. 

The "parent" HCJ-IBUG reusable booster weighs l4 
million pounds at lift-off. The siuae gross weight 
was adopted for the hypothetical ITHACUS global 
transport; therefore, the same advanced engines, 
which would have to be developed for RCMRUG, would 
be directly applicable to the iTHACUS version of 
the vehicle. Since RCMDUG required throttleablllty 
(or thrust modulation of engines) for Its primary 
mode of operation, the iTHACU.s flight profile was 
based on the some propulsion system chiracterlsties. 
By sheer coincidence, the Post-Gaturn booster size 
(with a lift-off thrust of I 8 million pounds) will 
provide an ITHACUS-type derivative with a capa¬ 
bility of transporting a full battalion of troopn 
to a raaximxm required range of 7,600 nautical 
miles, assxmlng that a launch cite is available on 
each coastline of the Contlnent-il United .States. 

On missions where the 26^,000 pounds of useful pay- 
load would be comprised of both troops and cargo, 
p.irt of this cargo can be carried within conpart- 
ments installed in the unused volume above the 
rpherlca.l liquid oxygen tank. 


ROMMt VEHICLE 
CONfKUmATION 



ITHACUS 

INTER CONTINENTAL TRANSPORT AND HYPERSONIC 
AEROSPACE CARRIER FOR A UNIFIED STRATAGEM 

UOO THOOe CAPACITV 


lA-l] VIM 


fO DIA 



rwo PtCSSUKC DOME 

PASSENGfR ENTRANCE DOOR 
SYM AlOUT VERT RUNE Of SYM 
ElOOR STRUCTURE 

RaSSENGER ARU 6 IFVELS 
204 TROORS RER LEVEL 

7S (MAMC TER ( TYRlCAl ) 
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CARGO CONTAINER 
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TO 7M0 N M * 

GROSS WT 14 OJA 000 LI 
thrust is 000 000 II 

LANDING WT 1 210 000 LI 
USEFUL R L - 2A4000 Ll 


FIGURE 1 


FIGURE 7 


By coEiparlng Figure 2 with the previous figure. It 
can be seen that the major dlstinctloa between the 
ITHACUU version and the reusable booster version 
lies in the payload section conflgTiratlon (which 
coatalns the troop coopartment) and the addition of 
two fins shown between the liquid hydrogen tanks. 
The fins are necessary In order to restrict the re¬ 
entry decelerations to a raaxlmva of 3 g's. Without 
a lifting entry, ballistic decelerations might 
reach 10 or 11 g's, which msy be acceptable for 


The table of Figure 3 preserts the principal 
parameters for the ithacus troop transport. The 
effective mass fraction for this vehicle is sig¬ 
nificantly less than that of Its reusable booster 
counterpart. The designation "effective" indicates 
that the weight-reduction benefits attendant with 
lil^ tank disposal during flight have i>een Included 
In the perfonsance calculations. The effective 
aass fraction of iihacu.; is reduced to aXlov for l) 
the added structural weight of its fins, 2) the 
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a^itlonal weight of the stainless steel which re¬ 
places the tltanluB structure on the underside of 
the vehicle, 3) the added lii^ required for cooling 
the blunt nose during entry, *♦) the Increased retro- 
propellant required and ^)) lor the added strength 
required of the four landing legs and attach fitt¬ 
ings. The ITUACUS vehicle lands with payload at¬ 
tached; whereas, the ROMBUS reusable booster sep¬ 
arates Its payload in orbit. Only the ROMBUS 
centerbody (without payload) Is landed. 

The ITHACUS transport version, although not acquir¬ 
ing orbit, requires soae 000 fps In excess of or¬ 
bital velocity for Its balletic mission due to the 
Increased gravity losses during vertical ascent. 
Nevertheless, since the magnitude of the two mission 
velocity requirements are grossly comparable, this 
factor, more than any other, would explain why a 
booster, Initially sized for a slngle-stage-to- 
orblt mission, can be directly adapted to a bsQ.lis- 
tlc global transport mission. 

GLOBAL TRANSPOirr PARAMETERS 



ITHACUS 


MILHARV TRANSPORT 
(P/L - SOO K. LB.* TO 
7400 N. Ml. RANOO 

MAX. TNRUST (LB.) 

is M 

THRUST TOWT. RATIO a/W) 

1.25** 

MAX. UFTOFF WT. (LB.) 

14 M 

USABLE RROfCLLANT (LB ) 

12 M 

CFF MASS FRACT. (>) 

912 

VAC. SfCCIFK IMPULSE (SEC.) 

4SS 

NOZZLE EXPANSION RATIO (•) 

200 

IMPULSIVE VtL0(7nr (F.P.S.) 

30.9K 

LANMNC WEIGHT (LB.) 

1 2SM 

OVCRALl LENGTH (FT) 

210 

PAVLOAO DIA. in.) 

70 


** CONST AWT FOa AIL 
MISSION RANCCS AND 
% eSOP LOAOINC 


LO 2 /LHj raOeCLLANT STSTUS 
Pf ■ 3000 PSI. M R. (O/F) - 7/1 
*244 K K. (132 TONS) USfFUl PAVIQAO 


FIGURE 3 


f’lgure U illustrateb the pressurized four-man crew 
compartment, which would be Installed within the 
booster centerbody, above the spherical liquid oxy¬ 
gen tank. The crew would enter this f'ompartjnent by 
way of the external door and access ramp, then 
througli the airlock. 

'ITie airlock Is incorporated into the crew compart¬ 
ment, for mission flexibility, allowing the crew 
to participate in .-bltal rendezvous otieratlons 
outside the '-^OtlBU^ (antecedent) vehicle. "^Ince the 
10,000 pounds ol’ this pressurized cenpartment wns 
not Incltded In the Initial weight breakdown for the 
orbital booster. It has been incorporated 
into the weight estimate for the ITHACUS vehicle, as 
tabxilated in Figure 9. 

iliree solid propellant motors provide emergency es¬ 
cape provlBlons for the crew during aborted flight; 
however, it should be noted that this capability 
will only be used during cargo transport missions 
or during the flight test/develoixnent phase of the 
program. 'Turing troop transport operations, the 
entire vehicle will have complete abort (water- 
recovery) capability. 


the windows trm excessive heating during ascent 
or entry. The lower heat shield Is .lettleoned 
after entry. Just prior to the teimlnol r*tro- 
pbase. Tbe upper beat shield, which Is necessary 
for the ascent phase. Is only Jettisoned ptrlor to 
on emergency abort of the ex*ew cmpeule. In the 
event of such an abort, two stabilizing fins ore 
provided on the side of the crew comqmrtment to 
prevent the capsule frem tumbling during operation 
of the solid-motor escape rockets. 'Hie weight of 
ablatont necessary for thermal protection of the 
fins and the compartment underside bos not yet 
been assessed. 


ITHACUSROMBUS 
4 MAN CREW COMPARTMENT 



RGURE 4 


"Igure 5 depicts a typical low-mltitude emergency 
escape condition and Illustrates the front panel 
being Jettisoned along with the ascent beat shield. 
Prior to ejection, the centerline of the entire 
capsule Is automatically rotated upwmrd approxi¬ 
mately 30 degrees. The escape rockets then will 
thrust In an upwmrd direction (as well os outbooi^), 
away Trm the Jeopardized vehicle. 


CREW CAPSULE EMERGENCY ESCAPE 

(CARCO TRANWORT MtUVN ANO FLIGNT TtST ONIT) 



RGURE 5 


Two heat shields are provided above and below the 
external portion of the crew compartment to protect 
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Figure 6 deplcta bow the recowvrjr paraebutes are 
drjtlogrrd fm tbelr stows^e coipartaeiit at tbe 
appropriate altitude. In addition, two expandable- 
atnicturc pneuaatlc ba^s are deployed frea beneath 
tbe atablUalng fine In order to provide stability 
after toueb-down at sea, and to absorb lispact 
energy during a land-recovery node. 


EMERGENCY CREW ABORT 

(FLIGHT TEST AND CARGO TRANSPORT MISSION ONLY) 



Ibe floor pl/sn of Figure 7 Illustrates bow the 200 
indlrldual troop couches are arranged on each of 
the six decks. Airing the few alnutes of weight¬ 
less flight, the personnel are constrained by 
belts attached to the couches. On a rocket- 
propelled ballistic Blcslon, of the ithacus type, 
the acceleration vector durlig ascent and the de¬ 
celeration vector during entry are oriented in tbe 
sane direction with respect to the personnel; that 
Is, the acceleration loads would he distributed by 
the couch to the sane portion of each passenger's 
back during either phase of tbe flight reglae. By 
ecaparlson, where the pilot and crew are facing 
fOTMrd for visibility prior to landing during a 
glide-type re-entry, they are subjected to severe 
dlscoBfort and handicap fron tbe deceleration vec¬ 
tor orientation (eyeballs protruded). 

Ihe floor plan illustrates proposed stowage rack 
locations, for the Individual troop equijnent, 
which nay be required for Halted warfare opera¬ 
tions. Also shown are the access stairwells which 
Interconnect the six decks for eaergency egress. 
Three entry doors are located at eeurb of the six 
levels for rapid loading and deploynent of troops. 
In order to dlalilsh the noise effect on personnel, 
the 70-foot dice ter payload conpartaent would be 
constructed of a double-wall, acoustlc-daaplng 
naterlal. 


ITHACUS 

1200 TROOP COMPARTMENT ARRANGEMENT 


•All mi 



204 TROOrS PfR 


‘*'ALl STRUCTURI 
iSne DAMPING) 


> (70 OU) 


TYP STOWAGI RACK LOCATION 


1 aoom TTp 
• LfVliS 


FIGURE 7 


Figure 6 delineates acme proposed techniques which 
aay prove effective toward reducing the antici¬ 
pated noise levels to within tolenU>le Halts. It 
Is estlasted that the ithacus type of propulsion 
■ystea, delivering l8-nllllon pounds of thrust, 
nay pr^uce a noise level of approxInately l8l 
decibels (db) in tbe vicinity of the engine. A 
rigorous investigation has not ^-et been conducted 
to assess the intensity of acoustic energy iaposed 
on the payload portion of the vehicle. Neverthe¬ 
less, it currently appears that sone supplementary 
techniques nust be eaployed to further attenuate 
the acoustic excitation within the troop coapart- 
aent. One or aore of the tabulated techniques 
aay effectively acconplish this purpose. The noise 
consideration appears to present one of the najor 
problea areas which nust be resolved before per¬ 
sonnel can be transported by rocket-powered 
vehicles. 


ITHACUS NOISE REDUCTION TECHNIQUES 

• RfOUCTON or P«QKf AT SOUSa 

. AM AUCSMNTATION Of JfT STMAM 

. OTTMtn UMilACM SAD MSIGM (SCFIICTID ACOUSTIC tWMCT) 

. DUCTmC (DfFlfCTION) Of XT STStAM 
. IMPINCflHNT Of XT ON WATTS SUSFACT 

• STDUCTION Of NOfSf IN TSOOP COMPASTMNT 

. MCHANICAl ISOLATION Of FIOOS SUPTOSTS AND STATS 
. ION MOITCULAS WtlCMT CASTS (OS VACUUM) BTONTTN MUlTIPVf WAILS 
. INCSTASfO MASS Of MNIS WALL 
. INCOSPORATT PAMIS Of ASSOWPTIVT MATTRIAI S 
. STOLXTION Of MTTSNAL (CASIN) P1HSSUST 

. STDLXTTION Of MOLTCUIAS WTNVTT Of ■STATHING (MSTS (HTLIUMl 

• STOLXTION Of NOfSf ON PTSSONNfl 

. ISOLATION Of TASS (TAS PLUGS. TAS MUFFS IN HCIMCT) 

. ISOLATION Of SOOT (STAITD INOMOUAl INCIOSUSTS HASO SPACi SUIT) 


FIGURE 8 


Figure Q tabulates the bixsakdown of the mucus 
payload. The tern 'booster payload" (500,000 
pounds) is required for the PCMBUS comparison and 
is eipilviilent to 26^,000 pounds of usable payload, 
which (ian be comprised of either troops or cargo. 
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Approximately 220 poundB per man were allocated 
for each of the 1,200 troope with personal equip¬ 
ment. An appreciable allotaent of 20,000 pounde 
va« Included for the vel^t of gas to presmirlze 
the huge Tolisae of the troop ccnpartslent. As 
previously noted, 10,000 pounds were deducted 
frca the payload to provide for the weight of the 
four-non crew capeule, escape system, and enirlron- 
nental control systejn. Many of the preliminary 
weight estimates, shown for structural (xsipon^nts, 
can be significantly reduced through more rigorous 
design anolvsls 


56 percent full, ibe engines are throttled at 
lift-off to maintain a conrtont thrust-to-welght 
ratio of 1.25 A vehicle, which Is designed with 
disposable tanlis. Is readily adapted to an off¬ 
loaded sdsslon, merely by the elhminatloo of seme 
of the external propellant tanks. Ihe internal 
oxygen tank would not be filled to maxlsnsi capacity. 
On son'.* of tlie shorter-range missions to Inacces¬ 
sible destinations, propellant could be retained In 
the external tanks (attached to the upper side of 
the vehicle during entry) for "flying" the vehicle 
to a spaceport after landing and debarkation of 
troope. 


ITHACUS PAYLOAD 
PRELIMINARY WEIGHT ESTIMATE 


TftOOrS (1?00 MEN AT ItO Ll MAN) | 2>4.000<Lt) 

^ UUrUl PATLOAO 

Tftoor EQUIPMENT (40 ll MAN) j a.OOO 

TNOOP PWOVISfCNS (20 LI MAN SLATS NtSTNAlNT) 24.000 

CAIIN P«f SSUHi^riON SYSTEM AND GAS ( 7 S PSiA) 20 000 

CAIIN STPIUCTUPE (CTUNOPICAl 

SIDEWALL. PPESS lUlAHlADS. AND FIOOPING) )4S000 

ACOUSTIC DAMPING PPOVISIONS * * 12 000 

NOSE FAIItlNG** 2SOOO 

CNEW SYSTEM (4 CREWMEN CAPSULE. ESCAPE SYS 
ENVIRONMENTAL SYS CIC) 10.000 


iOOsT'!R PAYIOAD TO 7400 N Ml RANGE SOOOOO(Ll) 

(USEIUI PAYiOAO TO TMIN Ml UANGCs 244000LI) 

'fONYLIGNI TEST 4 CAR! O TRANSPORT MISSION ONLY 
**SUaJCCT TO FURTHER 04SIGN RtHNCMENTS 


ITHACUS 
ACTUAL 
PAYLOAD VS 
RANGE FOR 3g- 
LIMITEO MISSION 



FIGURE 9 


Miss io n Profile 

Since a boUlotlc transport vehicle, of the type 
described, must have la^ch capability In any 
direction (easterly or westerly), a non-rotatlng 
earth was assumed for the preliminary estimaLe oi 
payload capability. Figure 10 illustrates 'Jie in¬ 
crease In payload which can be acquired diu-lng an 
easterly launch. For example, the nominal 500,000- 
pound booster payload (to a 7,600 nautical mile 
range) can be increased to 620,000 pounds, due to 
the added velocity Imparted to the vehicle fran 
the earth's rotation, dxirlng on easterly Launch. 

The propulsion system specific Impulse varies from 
377 seconds (at sea level) to U 55 seconds (at 
vacuum conditions). These values are based on as- 
svmed chamber pressure of J,000 psl, with a 7 to 1 
mixture ratio (of oxygen to hyvlrogen) and an expan¬ 
sion ratio of 200 to 1, which is provided by the 
altitude compensating nozzle. 

With the assumption of two launch-pad locations 
(one at AMR, the other at lilB), a range half-way 
around the world ( 10,800 nautical miles) is not 
required in order to reach the key destinations 
whl''h were assumed. Clearly, such a range also 
can be realized by trading payload for added pro¬ 
pellants. Figure 11 tabulates the distance and 
traniit times for the ITHACUJ vehicle to lU repre¬ 
sentative cities of the world. For the maximum- 
range mlsBlons (such as AMP to Banbay or WR to 
Singapore), the vehicle would be fully loaded with 
propellants, '/hen the payload is raalntnlned at 
constant weight, the propellant would be off-loaded, 
prior to lift-off, in order to perform the shorter- 
lunge missions. For example, a m 3 si on fran AMR 
to London would necessitate propellant tanks only 


FIGURE 10 


Figure 11 tabulates the transit times of the ithacus 
vehicle to lU principal cities, oa compared with 
that required for today's Jet transport and, also, 
with that required by the proposed supersonic trans¬ 
port, which was assisied to travel at 2.5 times the 
speed of sound. It should be noted that neither 
the supersonic tniosport, nor the Jet transport, 
will possess the extensive range capability of an 
ITHACus-type vehicle. Assvnlng that the supersonic 
transport could travel the 7,500 nautical miles 
fran FMR to Singapore without stopping to refuel. 

Its flight would consisse seven times the duration 
required by the ITKACIjs vehicle. The Jet transport 
would necessitate a travel-time approximately 20 
times greater. 
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BALUtnC TRANSPORT CAPABILITY ESTIMATE TO 
PRINCIPAL CITIES OF THE \NORLO 
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FIGURE 11 

The l4 locationa tabulated In the prevloue figure, 
and their relative ..ocatlon frca the tvo assuraed 
launch sites, are shown on the aap of Figure 12. 
These l4 cities were not coapletely arbitrary In 
their selection. They were selected since they 
are nonsnlly accepted by comerclal air carriers 
u principal locations for establishing global net- 
worii coverage. 


GLOBAL TRANSPORT 

ESTIMATED DISTANCE & TRAVEL TIMES FROM AMR & 
PMR TO 14 KEY CITIES FOR WORLD-WIDE COVERAGE 



FIGURE 12 


Figure 13 Illustrates a typical mission profile 
which would result iron em Imposed 3-g limitation 
during boost and entry. Booster bum-out would 
occur approximately 6 minutes after lift-off at 
an altitude of 82 nautical miles emd a velocity of 
approximately 24,j00 fps. The vehicle would coast 
for an additional 7.3 minutes until apogee was ac¬ 
quired. At this point, the velocity has decreased 
to 24,150 fps. The apogee altitude of 127 nautical 
miles Is well above the edge of the sensible atmo¬ 
sphere. Most of the mission would be accomplished 
above the atmosphere where drag Is non-existent. 
Some 10 minutes after apogee condition, the vehicle 
will start the entry portion of the flight profile 
when it again approaches the edge of the atmosphere 
at an altitude of approximately Uo0,000 feet. The 


reaction control system will orient the vehicle 
Into the required 49 degreca nose-up attitude 
prior to entry. 

At lift-off, 'lae to the engine thrust-to-welght 
ratio, the v^nlcle Is accelerated at 1.25 g's. 

As propellant Is depleted, and the acceleration 
Increases, the engines are throttled In order to 
restrict the maxljmia to 3 g's. This condition Is 
maintained until main engine cut-off. IXirlng re¬ 
entry, the vehicle again Is restricted to a 3-g 
maximia condition. The bcuik angle Is modulated, 
at constant altitude, to satisfy this condition. 

A 52-degree emgle-of-attack will produce a vehicle 
llft-to-drag ratio of approximately 0.42. After 
the horizontal velocity has completely decayed, 
and the vehicle has reached a stalling condition, 
the attitude control system will orient the vehicle 
through an angle of 77 degrees until the base Is 
pointed directly downward. A few segments of the 
propulsion system are then restarted In order to 
caned the vertlcd velocity. The vehicle has the 
capallllty of hovering and translating horizontally 
prior to settling down on the four extensible legs. 



FIGURE 13 

Figures 14 through 24 depict the various phases of 
the mission profile from troop loading to debarka¬ 
tion. Prior to loading of troops, the vehicle 
would be completely checked out r..nd propellant 
tanks would be filled. Constart topping would as¬ 
sure that the propellant In the tanks was at the 
propr level prior to lift-off. 

The troops would enter the vehicle through a gantry 
tower. Incorporating a number of elevator platforms 
which lead to the loading ramii.T. Three rampn aer- 
vlce the entry doors at each of the six deck 
levels of the vehicle payload. Ihree entry doors, 
placed between the external LH 2 tanks, will ex¬ 
pedite the loading and unloading operations. 

During re-entry, these door openings are : J 

on the upper side of the vehicle, keeplnir ‘ 
highly heated underside free of structural o;t ilings 
and discontinuities . 
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FIGURE 14 


In aany instances, where instant-strike capability 
is required, squadrons of B-52 aircraft are kept 
airborne around the clock. Under siollar circum¬ 
stances, it nay prove feasible to maintain ithacus 
in a state of instant readiness, with troops loaded 
on-board the vehicle, prepared for innedlate dis¬ 
patch to a potential trouble area. Tbe propellant 
required for chill-down, and for topping of the 
tanks during an 8-bour grovmd hold with troops 
aboaM, was estimated. It was calculated that an 
additional 9 percent of LH 2 (based on tank capac¬ 
ity) auid an addition 1.6 percent of LOg would com¬ 
pensate for the boil-off losses resulting from 
these conditions. Ke-call and re-dlrectlon capa¬ 
bility could be incorporated into the on-board 
conputer which controls vehicle guidance to pre¬ 
determined destinations. The crew would be pro¬ 
vided with manual over-ride of the computer. 


internal tank through the turbine discharge port 
located in the center of the engine plug nozzle. 

Ik the event of an aborted mission^ cviple propel¬ 
lant would be retained on board to assure that 
adequate retro-thrust can be provided, prior to 
sea recovery of the entire vehicle. In this sense, 
a rocket-powered VTOL, which can use an entire 
ocean as its emergency landing site, may be Inher¬ 
ently safer than a Jet aircraft which must depend 
on reaching a particular airport for am emergency 
landing if trouble develops. 


ITHACUS 

PROPELLANT DUMPING . 
(LH 2 tank jettison a LO 2 ovei 


LAUNCH A gQRT 
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FIGURE 16 


After dumping of propellants, four expandable- 
structure spheres would autonatlcally be deployed 
from the extended landing legs to assure hydro¬ 
static stability of the entire vehicle auTter 
alighting on the ocean. During this emergency 
recovery mode, the vehicle would be towed back to 
port. Numerous surface vessels ami tow lines aov 
used to stabilize the vehicle against eulverse 
wind effects dvirlng retrieval. 



FIGURE 15 


ITHACUS LAUNCH ABORT 

(ALTERNATE RECOVERY MOOE) 



During a normal ascent, ithacus would rise almost 

vertlcaLlly for about 70 seconds. In the event of FIGURE 17 

am engine malfunction, or an emergency abort con¬ 
dition, the eight external tanks can innedlately be 
separated auid Jettisoned at sea; containing the 
hazardous liquid hydrogen. The major portion of 
the liquid oxygen would be iximped overboard frcn the 
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FIGURE It 


START REWTRY 


FIGURE 22 


pilot's and co-pilot's caapartarat Incorporates 
unobstructed dovnmjnd-Tlsioa vlndows to cooflra 
the suitability of the toueb-dovn location, ihpld 
deployaent of troops would be a mndatory requl re- 
amt for such a allllary CTwratlori. A nvaber of 
potential techniques and drrlces, which would be 
caployrd to assure lawdlate unloading of troops 
and support rqulpsmt, are Illustrated In Figure 
23. 






PILOT'S DOWNWARD VISION 
(PRIOR TO TOUCHDOWN) 



FIGURE 23 


Tbr ITHACUS propulsion gymttm is coaprised of yS 
toroidal ccabustiOD cfaaabers which each produce 
^00,000 pounda of thrust at lift-off. After re¬ 
entry, selective eogine aodules are ignited at an 
altitude of 2,^00 feet to prorlde retro-thrust for 
teminal velocity cancellation. At re-ignition, 
ocily 2 ■illiao pounda at total thrust are required 
to produce aljwet 2 g's of (ieceleration. Ibese 
■odules are progressivly throttled for 12 seconds; 
they then produce 1.26 ■illloo pounds of total 
thrust to balance the recovered veight. Roll con¬ 
trol is provided by the attitude control systca. 
^ince only eight Bodules (of the a.ailable 36 seg- 
■ents) are operated at half-thrust (or lower) 
during this aaneuver, extensive redundancy and la- 
proved Mission reliability are provided at no ad¬ 
ditional weight penalty. After the hover oanetnrer, 
the engines are autaaatically cut off when the 
land! IV legs are conrpressed, as shown in Figure 2^. 



On a typical alssion to aid-Afrlca, it appears 
feasible to recover the vehicle after troops have 
been unloaded. Although rigorous cost analysis 
has not yet been conducted for ithacuu, an extensive 
iDTcstlgatlon (Reference 13) resolved the coet of 
the RCMBUS "parent" vehicle at approxiaately $16U 
alUion for the first flight Itea and at an average 
cost of ^ alllion per copy, for a saaple of ap- 
proxiiately 1^ vehicles. It, therefore, appears 
that the reuse of the troop transport would be 
extreaely attractive, even when the vehicle is 
located at a rcaote, inaccessible, land-locked 
destination. In such an event, Halted propellants 
would be "trucked" in on ground vehicles whidi can 
traverse the difficult terrain (Figure 25). After 
refueling, the vehicle could then aake a short 
"flight" to the nearest coastline, where a "enarler" 
would lift It and transport it to a waiting barge. 
Petum of the vehicle to the refurhlshasnt and re¬ 
launch site would be accoaqilisbed in a Banner 
riallar to the ROKBUS ground operations, as defined 
in Reference 1 (see Figure 26). 


REFUELING ITHACUS PRIOR TO FLIGHT TO RECOVERY PORT 

LIMITID PROPELLANT OUANTITIES RE(>UIRf D 
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FIGURE 25 


Although the suggestion of laiaiching a boorter 
directly froa its landing legs (without a laai c h 
pad) nay iqipear xmther unrealistic, "It's not 
necessarily ao." It should be clai^ied that the 
Apollo alssion depends on precisely such an opera¬ 
tion, on the return phase. Ibe Uamr Exetnaion 
Module (104) is laun c h e d, while supported by Its 
four legs, froa the lunar surface, where no Gape 
Ke nn edy is known to exist. 

In tias, perhaps, the launch ccaplex, which wae re¬ 
quired at the outset of the alssloo, any be dis¬ 
pensed with, although it appears that initial 
operations would be conducted frea a launch pad. 
During the latrieval flight of ithacus, the required 
engine thrust is at a greatly reduced level, since 
the vehicle is esaentially eapty. 'Hierefore, the 
probleas attendant with the engine noise level, and 
with the exhaust plwe effects on the toijcb-down 
surface, are significantly diainishsd. 


FIGURE 24 
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FIGURE 26 


The control surfaces of the two fins (located be¬ 
tween the hydrogen tanXs) are stowed In tlie locked 
position during ascent. An the vehicle Is boosted 
through the atmosphere, the trailing edge of these 
control surfaces will be subjected to heat flux, 
Hgure 28 is on historical temperature plot of the 
control surface edge. Six minutes after lift-off, 
this edge reaches a maxlmvm temperature of approxi¬ 
mately 1,100 degrees Fahrenheit. On the outboard 
edge of the fin, in the vicinity of the v»'rtlcal 
control surface, the structure will be subjected 
to a maximun temperature of only 200 degrees 
Fahrenheit. The trailing edge was assumed to be 
constructed of et^lnless steel, formed into a 3- 
foot radius. One potential problem area, which 
has not been subjected to rigorous Investigation, 

Is the degree of shock wuv»- reflection between the 
tanks and the fin surfaces. The Intensity of 
heating and buffeting, which may result from these 
Interactions, should be Initially resolved through 
wind-tunnel testing. 


Parametric Mission Criteria 


Figure 27 presents an historical plot of the 
ascent trajectory for a representative mission 
from AMP to mid-Africa, The parameters of veloc¬ 
ity, altitude, flight-path angle, and acceleration 
are plotted as a function of time from lift-off. 

The Initial thrust-tc-welght ratio of 1,25 will 
build up to approximately 3 g'e after 150 seconds 
of flight. Acceleration Is maintained at 3 g's, 
for 3.5 minutes until bum-out, by progressive 
throttling of the main engines as propellant Is 
conaximed. The plot defines the point at which the 
first four external hydrogen tanks are Jettisoned, 
some 135 seconds after lift-off. The propellant 
Is depleted from these four tanks concurrently. 

In order not to adversely affect the vehicle's 
stability, the tanks are separated slmultanesouly, 
Approximately 240 seconds after lift-off, the next 
pair of tanks are Jettisoned, with the last pair 
ejected Just after main engine cutoff, 350 
seconds after lift-off. These tanks are parachute- 
recovered, from the ocean, by an LX, as described 
In Reference 1. 


ITHACUS EXIT TRAJECTORY 
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FIGURE 27 


ITHACUS 
FIN BOOST 
TEMPERATURE 
HISTORIES 
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FIGURE 28 


Figure 2‘J plots the atmospheric entry phase of the 
mission trajectory. By resorting to lift modula¬ 
tion by varying the bonk eingle during entry, the 
deceleration can be restricted to a nvixlmiis value 
of 3 g's. After the Initial peak deceleration, 
the physiological loads vary between 1.0 and 1,5 
g's for the remainder of the trajectory. It 
should be noted, however, that the troops would be 
subjected to more than 2 g's for only a period of 
approximately 1.5 minutes. The personnel would 
then have available on 8 -mlnute Interval for re¬ 
covery from 2 g's prior to active debarkation. 

The peak deceleration load occurs 190 seconds 
after entry. 9hor*.ly, thereafter, the vehicle Is 
DoxiAed through an a/igle of 70 htgrt-es (arcc.u'.d the 
velocity vector), which is progressively decreased 
during on Interval of 200 seconds. During this 
IntervnJ, the vehicle maintains a constant altitude 
of 160 ,OOu feet and a constant flight-path angle 
of zero degrees. The Initial flight-path angle of 
2.7 degrees, down from the local horizontal at 
entry Into the edge of the atmosphere (400,000 
feet), Is decreased to zero degrees within 3 min¬ 
utes. The vehicle Is maintained at a constant 
angle-of-att/ick of 52 degrees from the velocity 
vector throughout the entire regime of the entry 
maneuver. Approximately 12,5 minutes after entry, 
when the proixilslve portion of the landing maneuver 


10 











Is Initiated, the yehicle hae trarersed sane 1,650 
nautical miles of range from the point of atmos¬ 
pheric Insertion, and the flight path angle hae 
Increased to 65 degrees below the horizontal. The 
vehicle centerline Is oriented U9 degrees above the 
horizontal, at start of entry, and 13 degrees down 
from the horizontal at the end of the atmospheric 
entry. 


ITHACUS PRELIMINARY ENTRY TRAJECTORY 
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FIGURE 29 


Figure 30 coepares ma.xlraum re-entry temperature of 
the ITHACUS vehicle with comparable values for the 
ill-fated X-20 Dynasoar. The U,000 degree Fahren¬ 
heit nose temperature of the X-20 is analogous to 
an equivalent 600 degree Fahrenheit nose tempera¬ 
ture of ITHACUS, due to the effective cooling of 
the ITHACUS nose by circulation of liquid hydrogen. 

The blunt nose of the ithacus configuration provides 
an added fringe benefit. The shock wave propogated 
from the nose of this blunt entry body will protect 
the fin leading edges from severe heating conditions. 
The fin leading edge of the X-20 glider Is shown to 
be approximately 3>000 degrees; the ITHACUS vehicle, 
approximately 2,500 degrees. It should be noted, 
however, that these values are theoretical maximum 
temperatures which do not allow for any heat-sink 
capability for the vehicle structure. The follow¬ 
ing figures present the actual maxlmums predicted 
for the pertinent hot-spots on the vehicle struc¬ 
ture. The ITHACUS fins were sized to allow approxi¬ 
mately I*,000 square feet of total surface area. 

Ihe entire area can be contained within the 
envelope defined by the external hydrogen tanks. 
Hence, wind shear gradients during boost are not 
Imposed directly on the fin surface area; other¬ 
wise resulting in severe de-stablllzlng moments. 


IMAXIMUM RADIATION EQUIUBRIUM TEMPERATURES**' 
FOR WINGED VEHICLES DURING ENTRY 

TtMPCIUTUllCS mown M *f 



FIGURE 30 


Figure 31 1 b BA historical plot of the main body 
entry temperature for ithacus. It Indicates that 
a maxlmian of approximately 1,350 degrees Fahren¬ 
heit is reached soeie 460 seconds after ataospherlc 
penetration. This tesiperature Is associated with 
a stainless steel (3-inch honeycosib sandwich) con¬ 
struction for the underside of the body, with ex¬ 
ternal skins approximately .060 Inches thick. 

When thickness, and resulting heat stowage capa¬ 
bility, Is attributed to the material of the ve¬ 
hicle, It Is evident that the theoretical maxlimai 
of 1,600 degrees Fahrenheit (shown In Figure 30) 
will be reduced to approximately 1,350 degrees 
Fahrenheit. The 5*030 square foot reference area. 
Indicated In Figure 31, Is the cross-sectional 
area of the 80 -foot dlsneter base. 


ITHACUS MAIN 
BODY REENTRY 
TEMPERATURE 
HISTORY (Tmax) 



FIGURE 31 


11 




^Ifurt 32 Is • pilot at tb« fin lc«dli^o«4ce tea- 
psratur* and indicates that s aaxlaa of 2,000 
dsfrass Rihxenbslt Is rsacbsd approxlastsly 220 
sseoDds after stsK>spberlc sotry, as coapared to 
ths 2,SX> degree Pkhrenhclt theoretical aaxisaa 
•hewn In Figurs 30 , or the 3^000 degree Fahrenheit 
leading edge teaperature of the X>20. The plot 
of Figure 32 is based on an assuaed leadii^-edge 
radius of 2~l/2 feet and stainless steel con¬ 
struction vlth a skin thickness of .2 inches. 





FIGUtE 33 


The plot of Figure 33 defines ibe variation of the 
previous aaxiaw tcaperaturc (2,000 degrees Fah¬ 
renheit), as a function at the stainless steel 
sheet thlckxMSS. When the thickness is halved, 
the aax1a>M taeperature vlU increase to approxi- 
aately 2,400 degrees Fkhrenheit. When the leadlng- 
edge thickness is doubled, the saxiaua tempera¬ 
ture would be decreased to approxijiately 1,400 
degrees Fkhrenheit. 


ITHACUS FIN 
LEADING EDGE 
MAXIMUM 
TEMPERATURE 
VARIATION 
WITH SKIN 
THICKNESS 
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FIGURE 33 


Although a high L/P lifting body would provide 
greater anneuverabillty during the entry phase, a 
aoderately low lifting body appears to provide 
suitable control capability. Figure 34 plots the 
variation of the itjucu:! l/P ratio (Cl - 0.75, 

Cd - 1 . 78 ) as a function of the angle-of-attack. 

It can be seen that a aaximus L/P of about .42 
can be acquired at angle-of-attack values between 
4s degrees and 55 degrees. At a zero angle-of- 
attack, no lift is generated by the ithacUcS vehicle; 
resulting in a pure ballistic re-entry vlth its 
exceedingly high decelerations, as previously dis¬ 
cussed. 



AMOlf Of ATTkCR (MG) 


RGURE 34 


Flgiu^ 35 is a plot of the aaneuverablllty which 
is predicted .or a vehicle of the iitucus type. 

When a constant bank angle is aalntained through¬ 
out the initial 3 minutes and final 6 minutes of 
entry (excluding the constant-altitude poitioo), 
the down-range and cross-range maneuver capability 
can be varied as shown. The ncnlnal design point 
of the ITHACU.J vehicle, which allows a maxinun de¬ 
celeration of 3 g's during re-entry, would be ac¬ 
quired vlth a constant bank angle of 5C degrees. 
Under these conditions, the down-range msuieuver 
capability could be varied by 1,S00 nautical 
miles, with the cross-range touch-down point con¬ 
trolled to approximately 120 nautli-al miles. 

These var' itlons are defined ae llsperalons from 
the nominal touch-down location resulting frea 
pure ballistic entry (without lift capability). 
EUrlrvg a POMBUS ballistic recovery frem orbit (at 
an angle of 1.5 degrees), it was estimated that 
*he 3 -si 0 i>a touch-down dispersions would be con¬ 
tained within an ellipse having a 13.6 nautical 
mile major axis and a 1.6 nautical mile minor 
axis (C.E.P. - 1.53 nautical alles). 

After miACUS horizontal velocity cancellation, 
selective segments of the propulsion system would 
be re-lgnlted to provide hover and horizontal 
translation capability for the vehicle. It is es¬ 
timated that approximately 60,000 pounds of on¬ 
board propellant would be required to allow the 
vehicle to hover, then pitch over 10 degrees, and 
translate 1,000 feet horizontally in 30 seconds. 
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ITHACUS 

MANEUVERABIUTY ENVELOPE 
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FIGURE 35 


Onr ma,)or cone 1 derail on, which muBt be reckoned 
with when coralderlng a troop tranuport mlsBlon 
of the ITHACUS type, would Involve the time re¬ 
quired to prepare the vehicle for flight readlneBB. 
The tlae-con miming preparationa and count-down 
proceduree, required for today's expendable booBters, 
would render a roeket-tranEport mlBBlon Impractical, 
Since ITHACU^ would not be operational until the 
early I'itiO'B, It la not unreallatlc to po:itulate 
that, after booeter reuse haL “'ecooie ccmnonplace, 
the flight readlneBB time may be dlralnlehed to a 
level comparable to that of toda”'? conraerclal 
aircraft; that 1b, from touch-dewa to tlie next con- 
aecutlve flight. 

For the HOMB'IS reuaable orbital booster, It waa 
estimated that 76 daya would be Initially required 
for vehicle tum-oround time from first launch to 
first re-launch. Thla conclusion waa based on the 
foUowlr^ time estlmatea; l) vehicle refurbish¬ 
ment required l6 df^ya, 2) one week stay-time of 
vehicle on launch pad, and 3) one week required 
for launch peul refurblBliaent. It la an irnixtaalble 
task to postulate, conclusively, the degree of 
Increased confidence level and reduced launch 
preparatlona which will result from repeate 
booster reuse. Only experience can be substituted 
for speculation euwl conjecture on these vital con¬ 
siderations. Clearly, 't le imperative that time- 
cons^oalng pre-flight operatlone tauet be minimized. 
Toward this end, the ITHACUJ vehicle would contain 
on-board automatic check-out equipment to provide 
Instant readiness. 

The premise of reduced tum-around time accepted, 
the major consideration renialnlng, to Influence the 
feasibility of rocket-borne troop transports, 
would be tliat time required for loading and unload¬ 
ing of the vehicle. Figure 36 tabulates estimated 
loading times, comparing the ITHACUS military 
transport with equivalent numbers of military air¬ 
craft, which would be required to acccmpllsh the 
payload-corrylng mission. rtie rocket trans¬ 
port would require approximately twice as long to 
load 600 trxxjps and 132,000 pounds of cargo, aa 
the ten equivalent aircraft would necessitate. 

Durlr^ the unloading operation, it is estimated 
that the troops from the rocket transport could 
be debarked In slightly more time than Is required 


for comparable aircraft. However, cargo unloading 
from the rocket transport would require approxi¬ 
mately twice as long, as the aircraft, due to tiie 
100-rot (or more) height from gixxuMl level of the 
cargo carried aboard. 


GLOBAL TRANSPORT VS PLANE 

L0A0IP«G AND UNLOADING TIME COMPARISON 
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FIGURE 36 


Figure 37 comparea the iTHACUS vehicle, with its 
landed weight of 1.20 million pounds, with three 
typical military aircraft which vary from 270,000 
pounds to 80,000 pounds at touch-down. The table 
Indlcatea that the ITHACUU vehicle, even when only 
three of Its four lega are loaded on touch-down, 
can land on any type of terrain, with the exception 
of quick-BBUid or allt. By comparison, the B-52C 
and DC-8 could not be supported by anything other 
than hard rock, which has an allowable bearing 
pressure of 50 tons per square foot. The C-ll6, 
however, could be supported by soft rock, which 
haE an allowable bearing pressure of 8 tons per 
square foot. For a typical mission (from AMR to 
mid-Africa), the table shows that the weight of 
the ITHACUS troop transport could readily be sup¬ 
ported on coarse sand (such os is found in the 
^^ahara desert) by moderately-si zed landing pads 
(6-feet square) on each of the four landing legs. 

GLOBAL TRANSPORT VS AIRPLANE 
LANDING LOAD COMPARISON 





FIGURE 37 
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n 4 pm 38 coaparcs mucus vltb ooe propoacd yen loo 
of the SST (aupenonlc tranaport). Although mucus 
hM approxlaately eight tlaea the payload capabil¬ 
ity of the SfTT, its gross weight is 26 tiaes larger, 
and its landliAg weight is 4.5 tiaes greater. It 
has a range two and one-half tiaes as great as the 
SST. Its cruising speed, as Indicated in Figure 
36 , would be eight and one-half tiaes that of the 
SST. Ihe principal advantages offered by the bal¬ 
listic transport are; l) transit tiae reduction 
and 2 ) elir 1 nation of the requirosent for a land- 
li^ runway. Undoubtedly, one paraaeter influenc¬ 
ing the ewolutloo of an mucus -type vehicle will 
be its cost-effectiveness. As indicated by the 
figure, it does not appear that a rocket-pwered 
vehicle, using high-energy propellants, can ef¬ 
fectively coapete with airplanes on an operational 
cost basis. 



tHMMU WMKU) 


HGUIE U 


When a large maber of reuses can be realized for 
each vehicle, the operational costs are caBi>rl8ed, 
prlnclpsklly, of launch costs and the cost for pro¬ 
pellants. Figure 39 presents preliminary cost 
estimates for the transport alssloc. The total 
cost for both rocket propellants, at a sdxture 
ratio of 7 to 1, is approximately 5/ per pound as 
coBqmxed to 2/ per pound for each pound of kero¬ 
sene consxssed by the aircraft engine. In terms 
of cost per seat-mile, considering only the 
specific fuel cost (when the vehicle coat Is 
amortized over a large mnber of flights), mucus 
would cost 27 times as much to operate than would 
a conventional Jet aircraft. 


GLOBAL TRANSPORT VS. AIRPLANE 
FUEL COST COMPARISON 
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FIGURE 39 


Concluding Rgnarka 

Clearly, the argxanent for a rocket-powered trans- 
poit is not based on econcay, nor is Increased 
passenger cemfort a realistic rationale; neverthe- 
lePB, the same con be said for the GST. Yet, the 
Insatiable demand for ever-lncreaslng speed la 
providing the necessary impetus for development of 
the GST, although no pretense of Improved economy 
is Implied. 

An mucus -type vehicle would not be developed for 
the specific mlaslous defined herein. Its mission 
potential must be examined within the proper con¬ 
text - as a possible extension of reusable booster 
tecluiology. Only when the latter machine already 
exists, for satisfying space exploration require¬ 
ments, will its eulaptatlon for ballistic transport 
purposes appear warranted. Before the desirabil¬ 
ity of a ballistic transport can be established. 
Its anology to "Operation Big Lift" must be re¬ 
examined. The 4.45 million pounds of total pay- 
load, transported during "Big Lift" which required 
235 missions, could be performed with 17 mucus 
missions. The 10 hours required for each airplane 
flight could be reduced to slightly more than an 
half-hour without refuelling - and each military 
mission could be undertaken with the complete as¬ 
surance that a landing site would be in existence 
upon arrival at the destination. Nevertheless, 
the following fundamental questions remain to be 
resolved: 


Although cost of cryogenic propellants can be '- 
pected to reduce with mass production. It does not 
appear that It can conceivably be reduced to a 
compeLltlve level with JP-4 fuels. Moreover, a 
ballistic trajectory, of the mucus type, would 
consme far more propellant weight, for the same 
total range and payload, than would a conventional 
aircraft. Tlile point is borne out by Inspection of 
Figure 39* For example, seven DC-8F airplanes 
would carry a total payload equivalent to ithacus 
TTiese seven aircraft would consume a total of 
1.46 million pounds of JP-4 (at 2^ per pcxind), as 
compared to mucus which requires 12 mllllwi 
pounds of cryogenic propellants (at an average 
cost of 5^ per pwind). 


1. what Is the military significance of trans 
porting an entire battalion of trooi)e In 
one vehicle 

2. what price will we pay for drastically In¬ 
creased speeds and Impressive reductions 
in flight time 

3 . bow much Is the added logistic flexibility 
worth when reliance on a landing strip Is 
not required 

4. what dollar value shall be assigned to an 
unlimited-range capability 

5 . how Is the deterrent consequence appraised 
of a military arsenal which Includes ve¬ 
hicles with the above capability 
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6. how can the value be aseessed of the added, 
Btlll unknown, henefltu which are certain 
to be derived frOB further applicatlone 
of reuoable booBter derivutlvee? 

The antecent has been ebt Imated to coot 

from “j to 6 million dollare for developnent. How 
much can be eaved by deeljjnlnf? the ITHkCUj veralon 
ae a atralRhtforward modification of a preeumablv 
existing vehicle, and to what extent would this 
•ost reduction offset the unattractive operational 
cost-effectlveneGO of the balllctlc tnintport? 

In conclusion. It must be stated that approximately 
a billion dollars will be spent for development of 
the Supersonic Transport, purely for the sake of 
increased speed. Baaed on an estimated market of 
*40 to flO airplanes, each SOT would cost three to 
four times as much as today's coomerclal let trans¬ 
port; yet, this fact is not hinderlnp; necessary 
progress in a vital technology. 

Perhaps a smaller version of ITHACU3, related to a 
Saturn-class of reusable booster, would prove more 
attractive. A ballistic transport of this slxe 
could also function as a tourist carrier to earth 
orbit and return. The military ITHACus size, as 
were many of Its design features, was a direct re¬ 
sult of its predecessor configuration, the I'lfMBUS 
reusable booster. Although the iTHACUo concept has 
been sub.lected to only a superficial analysis, it 
con be stated, with a high degree of confidence, 
that its technical feasibility has been ccmpletely 
verified. 
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